Introduction We sought to establish whether elevated BMI and body surface area (BSA), two measures of obesity, are predictors of coronary artery calcium (CAC).
Introduction We sought to establish whether elevated BMI and body surface area (BSA), two measures of obesity, are predictors of coronary artery calcium (CAC).
Methods We retrospectively analyzed 3172 consecutive patients who underwent calcium scoring at our center. We applied a multiple logistic regression model to estimate the independent association between BMI of at least 25 kg/m 2 and incidence of CAC with adjustment for covariates. We carried out the same analysis to find out if there is an independent association between BSA of at least 1.71 m 2 (commonly used definition for abnormally elevated BSA) and incidence of CAC. We also performed a sex subanalysis based on BMI and BSA.
Results There were 2105 patients in the cohort with BMI of at least 25 kg/m 2 compared with 1067 patients with BMI of less than 25 kg/m 2 . After adjustment for covariates, a significant association was not found between increased BMI and incidence of CAC. In addition, no significant findings were found in the sex subanalysis. A total of 2760 patients had a BSA of at least 1.71 m 2 compared with 412 patients with BSA of less than 1.71 m 2 . After adjustment for covariates, a significant association (odds ratio 2.08, 95% confidence interval 1.16-3.73, P = 0.014) was found between elevated BSA and CAC incidence. There were 89 men with BSA of at least 1.9 m 2 and 2248 with BSA of at least 1.9 m 2 . After adjustment for covariates, the logistic regression model showed a significant association (odds ratio 2.24, 95% confidence interval 1.19-4.21, P = 0.012) between BSA of at least 1.9 m 2 and incidence of CAC.
Conclusion Elevated BSA is a predictor of CAC incidence, whereas elevated BMI is not. Moreover, elevated BSA is a predictor of CAC incidence particularly in men. 
Introduction
Obesity is an epidemic in the United States, as a majority of Americans are overweight and one-third are obese [1] . In addition, obesity is believed to be an independent predictor of atherosclerotic plaque [2] , as well as mortality [3] .
BMI is a commonly used measure of obesity, which is calculated based on a person's height and weight [4] . Body surface area (BSA) is a lesser known measure based on height and weight that can also be used to predict obesity [5] . Its current major clinical use is for chemotherapy drug dosing [6] .
Coronary artery calcium (CAC) score is a marker for atherosclerotic plaque burden. A clear association has been shown between CAC score and conventional cardiovascular risk factors including premature family history of coronary artery disease (CAD), diabetes, and lipid values [7] [8] [9] . Although pathologic specimens have shown that the amount of CAC only weakly correlates with the degree of luminal narrowing in the coronary arteries [10] [11] [12] , the likelihood of obstructive disease certainly increases with increasing CAC scores [13] [14] [15] . In addition, elevated CAC scores have been shown to be a predictor of incidence of myocardial infarction and death from cardiovascular disease [16] . Patients with 0 CAC scores may still have atherosclerosis in the form of noncalcified plaque, but their coronary event rates have been shown to be low [17] .
We did a retrospective study to see whether elevated BMI and BSA can accurately predict incidence of CAC.
Methods

Study patients
We retrospectively analyzed 3172 patients who underwent either electron beam computed tomography (EBCT) or multidetector computed tomography (MDCT) at our center (UCLA Harbor Hospital) between May 1999 and January 2009 for a variety of indications. Blood draws and detailed surveys regarding symptoms and past medical history were performed before scanning. No exclusion criteria were applied. The study was approved by the institutional review board at our institution, and informed consent was obtained from each participant. conditions (hyperlipidemia, hypertension, diabetes), current smoking status, and family history. Reported comorbidities were verified by physical examination, chart review, and laboratory data.
Scan protocol
All MDCT scans were performed at our center using a 64multidetector row Lightspeed VCT scanner (GE Healthcare, Waukesha, Wisconsin, USA). The EBCT scans were performed on an Imitron C-100 scanner (Imatron, San Francisco, California, USA). Patients were given b blockers as needed for a goal heart rate of less than 60 beats per minute. Both the MDCTand EBCTscanning protocols and interpretation methods for this study were identical to our core CT reading laboratory function in the Multi-Ethnic Study of Atherosclerosis [18] .
Calcification was quantified as previously described by Agatston et al. [19] . Total CAC score was calculated by the Agatston method as the sum of lesion scores from the four major coronary arteries (left main, left anterior descending, left circumflex, and right coronary arteries). A single experienced interpreter interpreted all studies based on the commercially available software (AccuImage Diagnostics Corporation, San Mateo, California, USA) at the time of the study. CAC scores were not remeasured for the purposes of this study.
Statistical analysis
Patients initially were divided into two groups: BMI of at least 25 kg/m 2 and BMI less than 25 kg/m 2 . We applied a multiple logistic regression model to estimate the independent association between BMI of at least 25 kg/m 2 (consistent with the WHO definition of supranormal BMI) [20] and incidence of CAC (defined as CAC score Z 1). We first did this using an unadjusted model, and then used a second model adjusted for age, sex, ethnicity, and cardiac risk factors. A sex subanalysis was performed similarly using the same BMI categories.
Patients were then divided into two groups based on BSA: BSA of at least 1.71 m 2 and BSA less than 1.71 m 2 (normal BSA 1.7 m 2 ) [21] . We applied a multiple logistic regression model to estimate the independent association between BSA of at least 1.71 m 2 and incidence of CAC. We first did this using an unadjusted model, and then used a second model adjusted for age, sex, ethnicity, and cardiac risk factors.
A sex subanalysis was performed similarly for BSA as well, but with different groups. Men were divided into two groups: BSA of more than 1.9 m 2 and BSA of 1.9 m 2 or less. Women were divided into two groups: BSA more than 1.6 m 2 and BSA 1.6 m 2 or less. These cut-offs were based on average BSAs for each sex, and are the commonly used cut-offs for BSA by sex [21] .
BMI was calculated by dividing the weight (kg) by the square root of the height (m) squared [20] . BSA was calculated by the square root of the product of the weight (kg) and height (cm) divided by 3600 [21] .
All data were exported to SAS (version 9.2; SAS Institute Inc., Cary, North Carolina, USA) for analysis.
Results
There were 2105 patients in the cohort with BMI of at least 25 kg/m 2 compared with 1067 patients with BMI of less than 25 kg/m 2 . The group with the larger BMI had significantly more incidence of hypertension (P < 0.001), diabetes (P < 0.001), and hyperlipidemia (P = 0.03). Furthermore, there were significant differences in age, sex, and ethnicity (P < 0.001) (see Table 1 for full results).
No significant statistical association [odds ratio (OR) 1.18, 95% confidence interval (CI) 0.99-1.41, P = 0.07] was found between BMI of at least 25 kg/m 2 and incident CAC in the unadjusted logistic regression model. After adjustment for age, sex, ethnicity, hypertension, diabetes, and hyperlipidemia, a significant association was still not found (OR 1.14, 95% CI: 0.90-1.44, P = 0.28) (see Table 2 for full results).
For the sex subanalysis, there were 2337 men in our cohort. A total of 1640 had BMI of at least 25 kg/m 2 compared with 697 with BMI less than 25 kg/m 2 . The group with the larger BMI among the men had significantly more hypertension (P < 0.001) and hyperlipidemia (P = 0.001). Moreover, there was a significant difference in ethnicity (P < 0.001). See Table 3 for full results of the patient characteristics for each sex. After adjustment for ethnicity, hypertension, and hyperlipidemia using a logistic regression model, a significant association was not found (OR 1.10, 95% CI: 0.81-1.41, P = 0.54) between BMI of at least 25 kg/m 2 and incident CAC in the male population (see Table 4 for full results).
There were 835 women in our cohort, of whom 465 had BMI of at least 25 kg/m 2 compared with 370 with BMI less than 25 kg/m 2 . The group with larger BMI among the women had significantly more hypertension (P < 0.001) and diabetes (P < 0.001). There was also a significant difference in ethnicity (P = 0.014). See Table 3 for full results of the patient characteristics for each sex. After adjustment for ethnicity, hypertension, and hyperlipidemia using a logistic regression model, a significant association was not found (OR 1.26, 95% CI: 0.86-1.87, P = 0.24) between BMI of at least 25 kg/m 2 and incident CAC in the female population (see Table 4 for full results).
A total of 2760 patients had a BSA of at least 1.71 m 2 compared with 412 with BSA less than 1.71 m 2 . There were significant differences between the two groups in terms of age, sex, and ethnicity (P < 0.001). The two groups did not have any other significant differences in cardiac risk factors (see Table 5 for details).
The unadjusted logistic regression model showed a significant association (OR 1.76, 95% CI: 1.41-2.20, P < 0.001) between BSA of at least 1.71 m 2 and incident CAC. After adjustment for age, sex, and ethnicity, this significant association was retained (OR 2.08, 95% CI: 1.16-3.73, P = 0.014) (see Table 6 for full results).
For the sex subanalysis, there were 1831 men with BSA of at least 1.9 m 2 and 506 with BSA < 1.9 m 2 . There was a significant difference between the two male groups in terms of ethnicity (P < 0.001). There were no significant differences in cardiac risk factors. See Table 7 for full results of the patient characteristics for each sex. After adjustment for ethnicity, the logistic regression model showed a significant association (OR 2.24, 95% CI: 1.19-4.21, P = 0.012) between BSA of at least 1.9 m 2 and incidence of CAC in the male group (see Table 8 for full results).
There were 687 women with BSA of at least 1.6 m 2 and 148 with BSA less than 1.6 m 2 . There were significant differences between the two groups in terms of age (P < 00.001) and ethnicity (P < 0.001). See Table 7 for full results of the patient characteristics for each sex. After adjustment for ethnicity and hypertension, the logistic regression model showed no significant association (OR 1.19, 95% CI: 0.49-2.89, P = 0.71) between BSA of at least 1.6 m 2 and incidence of CAC in the female group (see Table 8 for full results).
Discussion
The few studies focusing at the connection between elevated BMI and CAD have revealed mixed results. In 2000, Kim et al. [22] showed that increased BMI was a risk factor for incidence of CAD in a cohort of 5209 Framingham Heart Study participants, as well as a risk factor for CAD mortality in women. Subsequently in a 2004 prospective study of 906 women, Wessel et al. [23] found that elevated BMI was not associated with obstructive CAD or adverse cardiovascular events. In 2011, investigators analyzed the Systematic Coronary Risk Evaluation dataset and found a graded relationship between increasing BMI and cardiovascular mortality [24] . In the same year, however, Coutinho et al. [25] found that central obesity and not BMI is associated with increased mortality in a large meta-analysis. There have not been any significant studies analyzing BSA and CAD.
Our large retrospective study shows that elevated BSA significantly predicts incidence of CAC, whereas elevated BMI does not. BSA is likely a better predictor of CAD, because it is a more accurate measure of obesity than BMI. BMI is known to overestimate obesity in patients with a muscular build [26] . Muscle is more dense than fat, and BMI is not able to differentiate increased weight secondary to muscle versus fat [27] . One pound of muscle obviously weighs the same as one pound of fat, but takes up less area. Therefore, BSA is a more accurate measure of obesity, including central obesity, as it is a measurement of area and is able to account for the difference between muscle and fat better than BMI.
Interestingly, in the sex subanalysis of our cohort, elevated BSA significantly predicted CAC incidence in men, but not women. This is likely because men typically have a greater percentage of muscle mass than women [28] , making BSA particularly useful in males as a measure of obesity. This is only a single-center retrospective study on this topic, so that is an obvious limitation. Prospective studies analyzing BSA and cardiovascular outcomes would be interesting and provide us more information. Perhaps, BSA should be used by primary-care physicians as the measure for obesity in the general patient population, and increased BSA treated as a cardiovascular risk factor.
